Objective. To qualitatively examine the experiences with, and impact of, evidence-based online resources in selfmanagement among Australians with osteoarthritis.
INTRODUCTION
Osteoarthritis (OA) is one of the most common chronic conditions, and its prevalence is increasing rapidly, largely due to growing obesity and aging of the population (1) . OA affects 1 in 11 Australians (9%) and is a disabling condition that significantly impacts individuals and society at large, with physical, psychosocial, workforce, and economic ramifications (2) . Compared to people without OA, patients with OA have poorer health and quality-of-life, higher levels of psychological distress, and severe pain. They are also more likely to have comorbidities such as cardiovascular disease, back pain, and mental health issues (2, 3) .
Numerous clinical guidelines recommend efficacious conservative treatments, including allied health support and lifestyle modifications such as exercise and weight loss (4) (5) (6) (7) (8) . However, the predominant approach to OA management still focuses primarily on symptom management to address pain and joint dysfunction using pharmaceuticals and surgery (9) (10) (11) . Such clinical practice is in contrast to how patients wish to manage their OA. Most are neither satisfied with their current treatment, nor ready was developed to address the lack of reliable, easily accessible, and affordable resources for patients with OA to guide informed decision-making. Given the uncertainty surrounding the tradeoffs between benefits and harms for OA management, we aimed to explore the experiences and perceptions of users of the OA-Hub concerning OA self-management and decision support. A key research question was "How do users of the OA-Hub experience and perceive the adoption and implementation processes of the OA-Hub?"
PATIENTS AND METHODS
The OA-Hub. The online program OA-Hub contains a website, MyJointPain.org.au (MJP), providing information and self-management resources for OA of the hip and/or knee (26) , and a web-based decision aid tool (DAT) using a software platform called Annalisa (27) . The primary objective of the OA-Hub was to help people with OA achieve measurable improvements in health outcomes and health care utilization, informed by the most up-to-date evidence available. A unique feature of the DAT allowed patients to compare different treatments, based on factors that were most important to them, in reference to their clinical characteristics and preferences about the benefits and harms associated with the alternative options. Nineteen treatment options were shown, ranging from cardiovascular exercise to surgery, based on the best OA management evidence available. The factors important to patients were based on qualitative and patient preference studies as well as input from the research team. By combining OA management evidence with the user's chosen weighting for each treatment option (elicited graphically at the point of decision), the best course of action for each patient was shown by a quantified score for each option. The use of the DAT was elective for the OA-Hub users.
Methodology. This qualitative evaluation focuses on the adoption and implementation of the innovation, the OA-Hub, from the perspectives of patients with OA who accessed it. According to Rogers' diffusion of innovation theory (28) , successful innovation adoption is determined by 5 attributes: relative advantage, compatibility, complexity, trialability, and observability. Rogers' theory informed this qualitative inquiry, and in particular the development of semistructured interview guides and data analysis. As part of the evaluation study, we also examined the outcomes of the innovation and factors influencing the adoption and outcomes (consequences) of the innovation (Table 1) .
Recruitment. Ethics approval was granted by the University of Sydney Human Research Ethics Committee (2014/017). Potential participants were eligible for the study if they were age <40 years, had OA in at least 1 hip or knee joint, and had an active e-mail account and access to the internet. Participants were recruited from the broader OA community via Arthritis Australia
SIGNIFICANCE & INNOVATIONS
• A web-based resource from an authoritative and trusted source, combined with tangible practical benefits, aids adoption and implementation processes.
• Increased understanding of osteoarthritis management through active engagement with a web-based resource provides patients with a sense of control and empowerment.
• The utility of a decision aid tool (DAT) goes beyond its potential in shared decision-making processes, which require clinicians' input; the DAT supports the patient's desire to be an autonomous decision-maker in self-management.
• This is the first qualitative inquiry that explicates the intricacies and complexities involved in the adoption of innovation among people with good technology and health literacy.
and included research participants of the OA-Hub quantitative evaluation (26) . As part of their survey, these participants were invited to indicate whether or not they would be interested in a follow-up interview to talk about their experience with the OAHub. From the list of those interested in the interview, we selected and invited participants using maximum variation sampling, considering age, sex, rurality, the severity of the condition, and engagement of the OA-Hub with or without the DAT component. Saturation of data occurred after 33 interviews, and we continued 3 more interviews to ensure that no additional insights emerged from the interviews.
Participants. Thirty-six users of the OA-Hub took part in the one-on-one telephone interview, which took on average 40 minutes (ranging from 20 to 60 minutes). All participants had been accessing the OA-Hub for >2 months, and most had used the DAT (n = 22). Participants' ages ranged from 40 to 86 (median 63) years, and approximately three-fourths were women (n = 26). Time since diagnosis of OA ranged from several months to 35 years (median 12 years). The majority of participants were Australian-born (n = 28), with other regions of birth including central Europe, Germany, the UK, and New Zealand. Seventeen participants were in some form of paid employment, one was between jobs, and another was a homemaker. The remaining 17 participants were retired or in the process of retiring; 6 reported retiring because of their OA symptoms. One-fourth of the participants were currently working or had worked in the health care industry. Only 2 participants reported speaking a language other than English at home.
Analysis. All interviews were transcribed verbatim and then entered into NVivo for qualitative content analysis (29) . The focus of the analysis was on meaning-making and representation of how participants adopted the innovation, using Rogers' attributes of the innovation as an overarching frame. The first and second authors (Y-HJ and IF) compared initial coding of 10 * OA = osteoarthritis; MJP = MyJointPain website; DAT = decision aid tool.
PATIENT PERSPECTIVES ON OSTEOARTHRITIS ONLINE RESOURCES

| 49
interviews for consistency, and an agreed coding scheme was developed. All of the interview data were then coded by IF according to the agreed coding scheme.
Credibility and rigor. We established credibility and rigor of the study following the method described by Patton's work (29) through purposive sampling and obtaining high-quality data (e.g., interview questions piloted, data quality check, systematic data management, and data saturation); keeping reflective notes, ensuring consistency of data analysis and looking for alternative experiences; and involvement of highly experienced qualitative researchers.
RESULTS
Relative advantage. For most participants, the relative advantage of the OA-Hub was described in relation to its practical benefits, as shown in Table 2 . Using the OA-Hub provided most participants with additional insights beyond those gained during the medical encounter, for example, using exercise as a treatment option to relieve hip pain, which became a means of empowerment. For those participants who embraced the information and advice from the MJP website, the relative advantage was seen in the authoritative and quality information of the nonmercantile nature of the MJP, in comparison with other inexpert sources of information or profit-driven sites. Presentation of information by professionals, in a sensible and balanced way, was particularly helpful and facilitative of meaningful interaction with the OA-Hub. Participants saw the MJP as supplementing their memory, with its capacity to preserve and track information on pain levels and other symptoms, as well as monitoring deterioration of conditions. For some participants, the MJP served as a reminder regarding exercise, nutrition, education, and selfmanagement; for others, the monitoring function served as a source of clarification to augment information provided by other expert sources and prompted reflection on practices that might have affected pain levels.
Compatibility. Compatibility of OA-Hub content that influenced the innovation adoption falls into 4 broad areas, shown in Table 3 . First, participants who embraced the OA-Hub valued sourcing online information for its practical application of current research and access to the most up-to-date information.
Second, the trustworthiness and objectivity of web resources in the OA-Hub addressed concerns about other information being tainted by commercial interests, and beliefs that profit-driven web resources were biased. Noncommercial information was compatible with the perceived intent of the OA- Hub, and its legitimacy came through affiliation with large academic institutions. The OA-Hub would provide best-practice advice and objective accounts of managing OA in contrast to subjective testimonials. The evidence backing the DAT selection mechanism also enhanced trust. Often these threads came together under a broader conceptualization of the best treatment for OA being based on conventional scientific methods, even among participants who also used complementary and alternative medicines.
Third, compatibility was expressed through the participants' own experience of similar technology, based on their vocational background and work life. Participants also observed the relatively objective nature of the DAT technology as compatible with their philosophy of managing OA and their need to find a range of evidence-based treatments.
Last, one-fourth of the participants had either worked or continued to work in health care. For these participants, compatibility was assessed through the lens of their health care background. For example, being a nurse or a sonographer made them insiders, i.e., already possessing some knowledge that would assist them in the use of the innovation.
Complexity, trialability, and observability. Complexity, trialability, and observability were described as being less of an issue for most participants (Table 4) . While mixed responses were found regarding the need for good computer literacy when navigating the MJP, the majority of participants reported that the content of the MJP was straightforward, meaningful, and appealing to everyone. Furthermore, none of those who had used the DAT reported its interface as being too complex to engage with meaningfully. They expressed emphatically the ease with which they were able to engage with the DAT. Two participants tried using the DAT but did not adopt the technology, because it only served to reinforce already-held knowledge and practices (lack of relative advantage). Among the rest of the DAT users, a similar qualification arose regarding the accessibility or complexity of the interface; it was easy to use with the prerequisite computer literacy. 
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Trialability was reflected in the capacity of the OA-Hub to allow participants to experiment with the program. The MJP itself already had a high level of trialability, since all participants had previously used online resources. Some participants spoke about how the DAT had acted as an instructional tool for managing the symptoms of OA. Others experimented with the DAT by inputting different scenarios to see what the recommendations were, or how the outcomes of the DAT might change. Experimenting with the DAT allowed them to think about how they were going to manage OA symptoms in the context of a multiplicity of treatments. In this study, trialability was not a prominent theme; rather, participants typically used the DAT once and found it helpful.
Observability refers to whether the people who know the participant, their family, friends or colleagues, have observed changes in the participant as a result of their use of the MJP or DAT. However, limited accounts were found regarding observability, largely due to a relatively short period of exposure to the OA-Hub.
Outcomes. The MJP and DAT were seen as trusted sources of information about OA management that participants had not been sufficiently given by their general practitioners and other clinicians. This information then facilitated effective tangible and intangible outcomes, such as weight reduction and better symptom management. As shown in Table 5 , participants reported a relationship between the advice from the MJP and weight loss, which then alleviated some of the symptoms of OA, including pain. Other participants also reported taking up the advice from the MJP regarding practices that they had not previously considered. One participant who had cut back her walking due to pain in her knees was now able to continue walking as part of her weight management plan after seeking advice from the MJP. Similarly, another participant attributed the reduction in pain levels to the advice he had followed from the MJP, which included seeking help from a physiotherapist.
Another key outcome following the use of the OA-Hub was an increased focus and motivation leading to lifestyle changes, by helping participants maintain attention on activities that aided in managing symptoms. Participants were able to use the information on the MJP as a reminder to try and stay positive despite the pain and discomfort associated with OA. One participant reported having difficulty in managing her weight despite her awareness of the deleterious impact of weight on OA symptoms. Nevertheless, the reminders from the MJP helped her to continue working on her weight. Another participant who had jobs requiring significant manual labor and long hours standing reported that the DAT had motivated her to start to retrain for an occupation that did not bring such significant physical demands and helped her continue to man- * DAT = decision aid tool; MP = male participant; OA = osteoarthritis; FP = female participant.
age her symptoms through a variety of treatments, including exercise. Another participant characterized the improvement in managing her OA as meeting milestones, describing it as an ongoing process, facilitated by the information she found on the MJP. Resilience was identified as an influencing factor in the overall outcomes of the adoption of the OA-Hub in this study. Some participants described their will to problem-solve and manage OA regardless of challenges and their determination not to be controlled by the symptoms of OA. Such resilience was highly likely to have influenced the way they managed their OA.
DISCUSSION
With a proliferation of web-based health care resources worldwide, it is important that we understand what determines a person's decision to accept, use, and implement a virtual innovation, as well as evaluate the impact of the innovation on their health and well being. In this study, we focused on the determinants and key outcomes of the adoption of a web-based innovation, the OA-Hub, using Rogers' diffusion of innovation theory. Narrative accounts of 36 patients with OA who accessed the OA-Hub underscore the importance of having perceived benefits about the innovation that align with their values and existing practices. For adoption and implementation, it was important that the innovation come from an authoritative and trusted source. The participants also valued seeing the practical benefits of the innovation, such as its capacity to impart quality and balanced new insights, above and beyond their prior knowledge, and maintain and monitor their progress. As in a recent UK qualitative study (n = 10), the notions of trustworthiness in the MJP and its facility for personalized information preservation, monitoring, and planning were found to be important elements that helped individuals' engagement in self-management (30) .
Participants' familiarity with web-based information and technology, along with an appropriate level of computer and Table 5 . Examples concerning outcomes of the adoption of the innovation*
Key themes
Relevant quotes from the interviews Weight reduction and better symptom management They do your BMI, and stuff like that. I lost 14 kilos over the last 12 months, like, that was a really good incentive for me. And I can feel the difference in how much relief that has provided, just that one thing. (FP24, age 40 years, OA for 10 years) When I go on long walks now I do take a walking aid with me, also nutrition I found very useful, and it's helped me lose weight. As I said, just those little snippets that they give you on the side is quite useful, and a lot of them I've put into practice like the meditation. I sort of used to do it, but I never used to do it on a regular basis. (FP6, age health literacy, in particular, appear to have played a major role in their decision to adopt and meaningfully engage with the innovation. The innovation of the OA-Hub was described as a vehicle for putting current research, both that of the experts and that of the individual adopter, into practice, thus fulfilling their need to make abstract information concrete. Notably, most participants reported that both the content of the MJP and the accessibility and interface of the DAT were straightforward, meaningful, and appealing to everyone, reflecting the reasonably high level of the participants' perceived computer and health literacy. These findings corroborate conclusions reached in similar studies in the UK (30, 31) . However, MJP users with lower health literacy (n = 6) in the UK found the content confusing and complex (30) , and the depth and breadth of the MJP content were seen to be excessive, hindering further engagement with the resource (31) . None of these points were found to be problematic in our study, which reflects the difference in health literacy levels between participants in the 2 studies. Furthermore, 2 of the participants in our study decided not to continue with the OA-Hub because they saw the information as a validation of already-held knowledge, hence lacking the relevant advantage of the innovation. Our most notable finding was the extent to which some participants were able to successfully adopt and implement the innovation, illustrating that their participation in the OA-Hub led to positive health outcomes such as weight reduction and improved pain management as well as behavior and lifestyle changes. This benefit was also demonstrated in the quantitative outcomes of the 12-month evaluation of the MJP website, where changes in education about self-management, lifestyle, and physical activity were significant (26) . These findings were further corroborated in the 24-month outcomes, which showed sustained improvements in education about treatment alternatives and self-management (article in preparation). Further research is needed to establish the causal relationship between the OA-Hub and positive health outcomes.
Furthermore, resilience ("it's something I have to accept and live with but I don't let it control me") was shown to be an important element in the adoption of innovation that requires behavior and lifestyle changes. Participants often spoke in highly emotive terms about the information provided by the website and the DAT, especially because the website and DAT might inform their feelings of acceptance and control of the condition. This information was not limited to the management of symptoms but rather affected approaches to their life more generally. For these participants, the website and the DAT were described as vehicles for gaining or regaining control of their lives, even with the spectre of increasing symptoms with aging. This finding goes some way in addressing previous research (32) , suggesting that more needs to be known about how these technologies may contribute to patient-centered care. Many of the participants in the current study highlighted how the website and the DAT focused on them as individuals, thereby offering a sense of control in their treatment beyond that which might be afforded by patient-clinician shared decision-making. This insight is significant, confirming that the utility of a DAT does not necessarily rely on the involvement of a clinician in decision-making but provides a mechanism for the patient to have more meaningful engagement with clinicians if they choose to do so. The onus is on the individual patient, not the clinician, meaning that the patient is no longer a passive recipient of care and health service, but rather an informed and empowered, active participant in their health management.
Our findings provide an interesting contrast to the utility of recent developments, such as option grids, designed to facilitate collaborative dialogues and shared decision-making during clinical encounters (33) . Evidence concerning the role of patient decision aids in improving knowledge is strong, but debates exist around whether or not patient decision aids provided before clinical encounters actually improve shared decision-making (33) . In this argument, the occurrence of shared decision-making becomes the ultimate goal of the clinical encounter, because it signifies the fact that the patient is supported by the clinician to make an informed decision, based on both evidence and the patient's preferences and values (34) . In our qualitative exploration, we noted that what facilitates the self-management process clearly is the patient becoming more confident with the information provided, plus the way they gain some level of control over their health care decisions through the use of the web resources and/or the DAT. Therefore, questions regarding the effectiveness of patient decision aids should not be limited to their role in shared decision-making alone. Further research is warranted to understand the role of the DAT in shared decision-making, including the exploration of clinician perspectives on its use.
The value of a DAT lies partly in its ability to take the best available population-based evidence on the benefits, potential harms, and other effects and personalize that evidence to the individual. That means going beyond mean point estimates of effect and stratifying risk and benefit prediction based on the individual's clinical and other characteristics. Gigerenzer and Muir Gray propose that knowledge (or evidence) is just the beginning (35) . The evidence needs to be related to the needs and conditions of the individual patients, including their values and preferences, as well as their networks, resources, and social contexts (36) . In this study, particularly in relative advantage and compatibility, we have shown that evidence-based decision-making in OA is possible by relieving the patient of the cognitive burden of processing information about probability (of benefits and harms) and empowering them to express their preferences for different aspects of treatment options.
Our findings need to be interpreted with caution, given that it is difficult to completely avoid self-selection bias toward more positive experiences. The application of the findings in a broader OA community may also be limited, because most of the participants were women, highly literate in both health and technology, and born in Australia or speaking English as their first language. Our evidence supports the idea that the adoption of maximum variation sampling, considering participants' age, sex, rurality, the severity of the OA condition, and the level of engagement with the online resources, combined with data saturation, enhanced the credibility of the findings, and the possibility of such limitations has been minimized. Furthermore, our participant profile appears to be typical of users of an online community reported in the UK (37) . Inclusion of education levels in maximum variation sampling in future research may address the shortcoming encountered in this study.
In conclusion, our study provides further corroboration that web-based tools can be a useful adjunct to patients adopting self-management strategies. This is the first qualitative inquiry that explicates the intricacies and complexities involved in the adoption of innovation. The findings also highlight barriers and facilitators to the use of tools to assist self-management within the community. What we have uncovered using Rogers' 5 attributes of innovation provides a deeper appreciation of the how, why, and what questions concerning the adoption and implementation processes, especially among patients with good technology and health literacy.
